Data integration and mediation have become central concerns of information technology over the past few decades. With the advent of the Web and the rapid increases in the amount of data and the number of Web documents and users, researchers have focused on enhancing the interoperability of data through the development of metadata schemes. Other researchers have looked to the wealth of metadata generated by bookmarking sites on the Social Web. While several existing ontologies capitalize on the semantics of metadata created by tagging activities, the Upper Tag Ontology (UTO) emphasizes the structure of tagging activities to facilitate modeling of tagging data and the integration of data from different bookmarking sites as well as the alignment of tagging ontologies. UTO is described and its utility in harvesting, modeling,
Introduction
Initially, the World Wide Web (Web) was a syntactically structured platform, woven together by hyperlinks, which functioned primarily to provide access to read-only resources. More recently, the Web has emerged as an exciting multimedia world, but it provided little support for users to share and to collaborate. Now, instead of the one-way presentation of resources, the Web provides a new environment for social networking and information sharing. It has evolved from a place to read to the place to write and to share. The term "Social Web", introduced by Peter Hoschka in 1998, emphasizes the function of the Web as a social medium. In this paper, the Social Web is extended to include any Web-related technology, phenomenon or development that enhances the social nature of the Web.
Data mediation and data integration have been central concerns of IT for decades (Batini, Lenzerini, & Navathe, 1986; Rahm & Bernstein, 2001) . With the advent of the Web, interest in these issues has exploded due to the growing amount of data and numbers of resources and users on the Web. Currently, there is a focus on providing machine supported meditation on the Web (Antoniou & Harmelen, 2004; Berners-Lee, Hendler, & Lassila, 2001 ) through the medium of machine-processable metadata that has been added to resources.
There are several different methods for adding metadata to Web resources. The formal method, driven by the needs of the Semantic Web, involves construction of well-defined ontologies that are used as a framework for annotating resources. Unfortunately, this approach simply shifts the problem from the level of the data to the level of the ontology. Nevertheless, because ontologies capture shared understandings and conceptualizations in formal, machine-processable languages, the generation of some metadata statements can be automated within certain domains. Ontology generation, annotation and maintenance, however, are extremely time consuming and hardly scalable (Gomez-Perez, FernandezLopez, & Corcho, 2003) .
In contrast, the socially-driven approach, found in the social tagging sites of the Web 2.0 environment, allows users to contribute metadata for resources by tagging them with any term(s) they like, leading to the emergence of tag clouds and system folksonomies (Guo, Jacob & George, 2009) .
While this approach gives users the freedom to add personally relevant metadata to any resource, such metadata is not often well defined and may not reflect community consensus. Furthermore, it is not formally represented in a machine-readable way and data integration cannot be easily achieved usaing automatic methods (Mika, 2007) .
The standards-based approach is yet another attempt to promote compatibility among systems, databases and services. Organizations such as the World Wide Web Consortium (W3C) have undertaken extensive efforts intended to specify, develop and deploy standards for the sharing of semantics. These efforts are a crucial step towards enhancing Web functionality and interoperability (Antoniou & Harmelen, 2004) . A number of specialized metadata schemes have also been developed. For example, . There is also a growing trend to develop microformats, simple data formats that reuse existing standards to provide solutions for common problems (http://microformats.org/). For example, the Geo microformat (GEO) provides a simple structure for marking up geographic coordinates in XHTML, RSS or XML (http://www.ncbi.nlm.nih.gov/geo/). All of these represent efforts to alleviate the persistent problems of integrating data across systems. This paper describes the Upper Tag Ontology, its utility in aligning existing social tagging ontologies and its application in harvesting, modeling, integrating, searching and analyzing tagging data from three major social tagging systems: Delicious, Flickr and YouTube. The paper is organized as follows:
Section 2 provides background information about tags and social tagging; Section 3 presents current work on the development of tag ontologies; Section 4 describes the Upper Tag Ontology (UTO) and aligns its use in aligning existing social metadata standards; Section 5 explains the UTO crawler and how it was used to harvest tagging data from Delicious, Flickr and YouTube; and Section 6 describes the integration of tag data using UTO and presents three query scenarios. Using the integrated tag dataset, Section 7 identifies a core set of 1363 tags and demonstrates how the distribution of frequencies of tag assignment accords with Zipf's power law. Section 8 summarizes the usefulness of tagging data available on the Social Web and proposes future avenues for research with social tagging data.
Tags and Social Tagging
A tag is a keyword assigned by a user to represent the subject content, format, utility or affective characteristics of a bookmark, photograph, video, audio, post, wiki, blog or other online resources. The goal of tagging is to make a collection of resources easier to search, to discover, to share and to navigate. A tag does not have a formal semantic reference per se, but only the informal semantics attached by each individual. Furthermore, different users may have very different objectives when they add a tag to an online resource: some users may want to categorize online resources to make them easier to find in the future; some may want to share resources they have found with other users; some may want to review --to vote on --films, videos, or restaurants by offering their personal opinions; and some may want simply to reference or cite online documents. According to a survey undertaken by Pew Internet and American Life Project in December 2006, 28% of American internet users had tagged online resources such as photographs, blog posts, and news articles; and 7% of American internet users reported that they tagged online resources on a daily basis (Rainie, 2007) .
Because different users frequently add dissimilar or even conflicting tags to the same resource, the act of tagging can be said to reflect the individuality and identity of each user. But tagging is also a social activity. If the activities of individual taggers are viewed as a whole, social tagging reflects the collective behaviour of a community of users. In a user study of over 4,000 participants conducted by Suchanek, Vojnovic and Gunawardena (2008) , analysis of 65,000 Delicious bookmarks indicated that the more popular a tag was, the more likely it was to be meaningful to users. Their analysis also provided support for the assumption that the more users who have tagged a resource, the more meaningful the more frequently assigned tags will be.
More importantly, because tags are socially generated metadata, they can reflect the collective intelligence of a community of taggers. The aggregate of all tags assigned within a social bookmarking system constitutes a system folksonomy (Guo et al., 2008) . Because such a system folksonomy is comprised of semantically meaningful folksonomy networks --aggregations of user generated tags within a topical domain (Guo et al., 2009 ) --it can be interpreted as a lightweight ontology representing social agreement within groups of users. More importantly, because a system folksonomy is generated through an inductive or bottom-up approach to vocabulary creation, it speaks the same language as the users who have created it and makes resources easier to identify and to retrieve (Mathes, 2004) . This stands in sharp contrast to traditional system vocabularies, where construction by experts generally follows a top-down approach. Unfortunately, when subject experts have full responsibility for representing a domain or application, the resulting vocabulary may overlook the needs and requirements of its end users.
One of the primary bottlenecks stalling the realization of the Semantic Web involves ontologybased annotation. In order to move Web 2.0 to the level of the Semantic Web, online resources must be annotated in accordance with recognized ontologies. To date, there have been two primary approaches to ontology annotation: automatic approaches and manual approaches. Automatic approaches are based on natural language processing technologies, but the precision of automatic approaches is still questionable in massive deployments. Manual approaches are often more effective but time-consuming and are not scalable to very large resource collections. Social tagging offers an alternative to automatic and manual approaches. Although user annotations of online resources can sometimes be dirty and/or noisy, a little semantics is better than nothing and can go a long way toward realization of the Semantic Web.
Tag Ontologies
As researchers became aware of social tagging, they began to investigate methods for using social tagging data and capitalizing on social tagging behaviors. One of the foremost pioneering efforts was undertaken by Tom Gruber, generally acknowledged in the Semantic Web community as having first described the value of ontologies for addressing problems of resource annotation and interoperability across systems (see Gruber, 1994) . In 2005, Gruber proposed the use of an ontology to model tagging data and support collaborative filtering; he subsequently formalized a conceptual model of his tagging ontology (Gruber, 2007 ). Gruber's tagging ontology covered the basic elements of tagging activity (i.e., object, tag, tagger, and source), to which he added the notion of a "vote" (i.e., + or -).
Three other ontologies have also been developed for representing tagging data: the Social Semantic Cloud of Tags (SCOT) ontology (http://scot-project.org/), the Holygoat Tag Ontology (http://www.holygoat.co.uk/projects/tags/), and the Meaning Of A Tag (MOAT) ontology (http://moatproject.org/). In line with Gruber's conceptual model of a tag ontology, SCOT defines a core set of concepts and properties deemed necessary to represent the structure and semantics of a social tagging system. Core concepts in the SCOT ontology are scot:Tagcloud, scot:Tag and scot:Coocurrence. There are also 35 properties, including, for example, scot:hasTag, scot:spellingVariant, scot:usedBy, scot:createdBy, etc. To support interoperability and minimize redundancies across schemas, development of the SCOT ontology has been based on the concept of linked data (i.e., the reduction of barriers to connecting decentralized or previously unconnected but nonetheless related data records).
SCOT reuses elements from several existing schemas, including SIOC, FOAF, SKOS, MOAT and DCT.
For example, SCOT uses SIOC elements to describe site information and relationships among site resources, FOAF elements to represent a human or machine agent, SKOS elements to characterize the relationships among tags, and MOAT elements to define the meaning of an individual tag.
The Holygoat Tag Ontology, created by Richard Newman, models an instance of tagging as the reification of a relationship binding a tagger, a resource and a date to at least one tag. As with the SCOT ontology, the Holygoat Tag Ontology incorporates elements from existing ontologies in its definitions of classes (concepts) and properties (see http://wwww.holygoat.co.uk/owl/readwood/0.1/tags/): A tagger is encoded as an instance of foaf:Agent; the class Holygoat:Tag is defined as a subclass of skos:Concept; the property Holygoat:relatedTag is defined as a subproperty of skos:semanticRelation; and Holygoat:taggedOn is defined as a subproperty of dct:date. It is worth noting that, as with SIOC, the establishment of these relationships between the Holygoat Tag Ontology and external schemas supports simple inferences based on subsumption relations.
The MOAT ontology is characterized as a lightweight ontology that extends the Holygoat Tag
Ontology by distinguishing between local meaning (i.e., the meaning of a tag assigned to a resource in a particular instance of tagging) and global meaning (i.e., all possible meanings of a tag in a particular system folksonomy) in order to represent the different meanings that are related to a single tag. MOAT assumes that there is a unique relationship between a tag and its meaning and that this tag-meaning relationship can be represented by a unique resource identifier (URI). Based on this premise, MOAT uses URIs to associate an instance of a tag to its intended semantic meaning.
Upper Tag Ontology (UTO)
The Upper Tag Ontology (UTO) is an upper-level ontology for social tagging that is designed to circumvent the complexity and potential redundancy inherent in user-generated tagging vocabularies.
UTO is based on Gruber's (2007) suggestion that an ontology can be used to model tagging data, but it extends this idea with its focus on alignment between ontologies and the integration of tagging data with other sources of social metadata. UTO is not generally concerned with a Tagcloud, which is the central concept in SCOT; and it is defined in such a way that it can be aligned with other social metadata and tagging schemes, including FOAF, SIOC, SKOS and DCT. UTO emphasizes the structure of tagging behaviours rather than the meaning of the tags themselves, which distinguishes it from the MOAT ontology. By focusing on the structure of social tagging behaviours rather than tag semantics, this simple ontology can integrate metadata from one social tagging application with metadata from other social tagging Websites.
The Upper Tag Ontology (UTO) is defined as follows:
Let O be the UTO ontology,
is a finite set of concepts and
is a finite set of relations established among the concepts in C.
In UTO,
As expresssed in Definition (1) and illustrated in Figure 1 , UTO consists of the eight concepts (or classes) described in Table 1 and the eight relations (or properties) described in Table 2 . The uto:Tagging concept acts as a virtual node, in that it does not have a specific meaning but functions to gather or link the concepts relevant to a specific instance of tagging behaviour. Because a comment can be interpreted as having been added to the tag or to the object itself, many of the relations in UTO are defined as transitive. For example, an instance of uto:Comment can thus be connected to uto:Object or to uto:Tag via uto:Tagging. Thus, according to Definition (1), when While other ontologies developed to represent folksonomies tend to focus on the meanings of tags, UTO is designed to capture the structure of social tagging behaviour rather than the topic of a resource or the meaning of a tag. This shift in emphasis is intended to model the structure of the tagging data in order to integrate data from different tagging systems or to link distributed tagging records in order to effectively search or merge tagging data from different applications.
To avoid the generation of new problems and to mitigate the increase in complexity for applications, alignment or interoperability across ontologies should be as simple as possible. For this reason, alignment of UTO with other ontologies focuses primarily on mapping elements, both concepts/classes and relations/properties, using the relationship of either equivalence or subordination (see Table 3 ). Aligning UTO with the social semantics of existing ontologies enables easy data integration, makes a mash-up of different semantics possible, and supports the linking of structured data. Using integrated data, tag searches can be performed across multiple sites and applications, and sources and relations (associations) can be mined across different platforms and applications. For example, using data linked through UTO, it is possible to find friends of Stefan who used the tag spicy-Chinese-food by aligning FOAF with UTO or to identify blogs, wikis or discussion groups where Stefan's friends have discussed "spicy Chinese food" by aligning FOAF and SOIC through UTO. Associations among tags, taggers and objects can also be mined. For example, networks of taggers can be mined through foaf:knows by aligning FOAF with UTO; relationships among tags can be mined with skos:broader, skos:narrower or skos:related; and co-occurrence technologies can be employed to mine associations among tags, taggers and objects. Following is an example of alignment between UTO and FOAF: The UTO crawler contains six major components (see Figure 2) . In Delicious, the crawler began with the tag cloud at http://delicious.com/tag and visited every tag in the cloud. For example, for TagA, the crawler visited the first Web page for TagA and parsed the HTML code to harvest information about bookmarks, taggers and related tags. For links bookmarked by only one tagger, tagging information was extracted from the TagA page. For bookmarks tagged by more than one tagger, the crawler went to the Delicious url for the bookmark and crawled the history of the bookmark to harvest information about which users had tagged this bookmark on which date(s). After gathering data about all of the bookmarks on the first page for TagA, the crawler continued to visit all remaining pages for TagA, performing the same tasks.
In Flickr, the crawler started from the tag cloud at http://flickr.com/photos/tags and visited each tag. For each tag page in Flickr, each photograph on the page was visited and information about the photograph, tags and tagger was extracted. In YouTube, the crawler started from the main page at http://youtube.com and visited all available video pages. For each video page, the crawler collected tagging data and visited all links pointing to other video pages. In order to avoid visiting the same page more than once, query parts of links were ignored. Table 4 provides examples of the data harvested from Delicious, Flickr and YouTube. This example can also be represented as an RDF graph (see Figure 3) . 
Figure 4. Scenario 1 search frame
The second scenario takes a single object as input and returns a list of taggers and tags for this object ordered alphabetically by tagger (see Figure 5 ). The third scenario takes an individual tagger as input and returns a list of the objects tagged by that individual and the tags assigned to each object ordered alphabetically by object (see Figure 6 ). Tagging data harvested from the three social networks --Delicious, Flickr and YouTube --were merged according to UTO to form a single, comprehensive dataset of tagging activities. Using this comprehensive dataset, we conducted a tag frequency analysis. Figure 7 demonstrates that the tag frequency distribution follows the power law distribution. Table 6 shows the details of this distribution:
Only 1 Law, which states that a few tags will occur very often while many others will occur only rarely. The top 1,363 tags (see Appendix A) account for more than 50% of the total corpus of non-unique tags (see Table 6 ). Design is the most frequently occurring tag and accounts for 101,786 of 12,077,183 tags or nearly 1% of all tag occurrences. The second most frequently assigned tag is blog and accounts for 90,242 tag occurrences or 0.7% of all tag occurrences. Linguistic analysis of these 1,363 core tags will contribute to the identification of syntactic and semantic characteristics of the vocabularies generated through social tagging (Ding et al., submitted) . 
Conclusion
The Web is currently undergoing tremendous changes that bring with them significant challenges regarding the ability to connect information, knowledge, people and intelligence. Of the ongoing efforts to move Web 2.0 to the next level, work toward the Semantic Web is instilled with the long-term goal of fusing human and machine capabilities by representing data in machine-understandable ways and automating the mediation of data and services. As such, efforts to realize the Semantic Web are deeply embedded in the academic domain of artificial intelligence.
In the meantime, however, Web 2.0 has been successful in motivating users to collaborate with each other and to share information via the Web (Hinchcliffe, 2006) . And Web 2.0 is not entirely different from the Semantic Web. As Tim Berners-Lee (2001) states, "The Semantic Web is an extension of the current Web in which information is given well-defined meaning, better enabling computers and people to work in cooperation." Web 2.0 not only extends the communication dimensions of publication, commentary and argument but also contributes contextual information to the current Web --contextual information in the form of "social metadata" that has been generated informally by users through the tagging, bookmarking and annotating of online resources.
The power of the Semantic Web will reside in its potential to support interoperability through the development, deployment and application of well-defined metadata --metadata that supports logical reasoning and is encoded in a machine-understandable language. The module and layer design principles of the Semantic Web (e.g., URIs, RDF/RDFS, ontologies, and logical languages, etc.) will pave the way for reuse of existing data and the introduction of intelligent (and more efficient) search facilities that will support greater granularity and higher relevance of result sets. While Web 2.0 provides a scalable, community-powered information sharing platform, the Semantic Web will add valuable machineunderstandable metadata that enable efficient and automatic approaches to collaboration, cross-portal communication and the sharing of heterogeneous information.
Social aspects of the Web necessarily influence the sharing and use of information. The Social Web relies on users to identify and link useful content and to provide feedback. The participation of growing numbers of users has significantly increased both the heterogeneity and the trustworthiness of the Web;
and it has created a social approach to data integration that capitalizes on collective intelligence. By tagging and sharing data, users create relationships between resources and enrich the contextual information associated with resources and concepts. The social tagging systems in which users participate also provide examples that identify pragmatic ways of using the phenomena of the Social Web to realize data mediation and integration. Thus the Upper Tag Ontology (UTO) is proposed to represent social tagging data, to integrate metadata from different tagging systems and to mediate between heterogeneous social metadata.
In the future, we hope to extend these ideas to the Social Web so as to integrate data based on collective intelligence through the consideration of instances and the contextual information provided by Web users. We also hope to mine associations among tagging data to discover hidden associations in complex social tagging networks using tag co-occurrence analysis --measuring the co-occurrence of tags based either on objects or on taggers, for example --in combination with advanced techniques for social network analysis --macro-level network indicators such as scale-free, cluster coefficient, and kcore as well as micro-level network indicators such as degree, betweenness, closeness and eigenvector centralities.
Appendix A:
Core tag vocabulary in three social networks: Top 1363 tags in Delicious, Flickr and YouTube
Core Tag Vocabulary Numbers & others 1, 2, 3, 2005 , 2006 f1, face, facebook, fall, family, fanfic, fanfiction, fantasy, faq, fashion, fat, feed, feeds, female, feminism, festival, fetish, fic, fiction, fight, file, files, filesharing, filesystem, film, films, finance, financial, fire, firefox, firefox:bookmarks, firefox:rss, firefox:toolbar, firewall, fish, fitness, flash, flex, flickr, flight, flights, florida, flower, flowers, fob, folksonomy, font, fonts, food, football, for, forms, forum, forums, foto, fotografia, fotos, framework, france, free, freedom, freelance, freeware, French, friends, from, fuck, fun, functional, funny, furniture, future G Gadget, gadgets, gallery, game, games, gaming, garden, gardening, gay, gear, geek, gen, gender, genealogy, generator, genetics, geo, geography, George, geotagged, german, germany, ghost, gifts, girl, girls, gis, glass, global, gmail, gnome, gnu, go, god, good, google, googlemaps, government, gps, graffiti, grammar, graph, graphic, graphicdesign, graphics, gratis, great, green, grid, gtd, gui, guide, guitar H Hack, hacking, hacks, hair, Halloween, halo, happiness, happy, hardware, Haskell, hci, hdr, health, healthcare, heart, Hebrew, help, het, hibernate, high, hip, hiphop, history, holiday, home, hop, horror, hosting, hot, hotel, hotels, house, housing, how, howto, hp, html, http, human, humor, humour I I, ia, ibm, ical, icon, icons, ict, ide, idea, ideas, identity, ie, illustration, illustrator, im, image, images, imported, in, india, indie, info, informatica, information, innovation, inspiration, install, installation, insurance, intel, intelligence, interaction, interactive, interesting, interface, interior, international, internet, interview, investing, investment, ip, iphone, ipod, iptv, iran, Iraq, irc, Ireland, is, islam, island, Israel, it, italia, Italian, Italy, itunes J j2ee, jabber, jack, james, japan, Japanese, java, javascript, jazz, jesus, jewelry, job, jobs, john, joomla, journal, journalism, journals, jsf, json, juegos K Kernel, keyboard, kid, kids, king, kiss, knitting, knowledge, korea, korean L La, lake, landscape, language, languages, laptop, latex, latin, law, layout, learn, learning, leaves, lectures, legal, lego, lesbian, lessons, libraries, library, library2.0, libros, life, lifehack, lifehacker, lifehacks, lifestyle, light, lighting, lights, linguistics, link, links, linux, lisp, list, lists, literacy, literature, literature, little, live, local, logic, logo, lol, London, long, los, losangeles, love, lyrics M Mac, macbook, macintosh, macosx, macro, Madrid, magazine, magazines, magic, mail, make, man, management, manga, manual, mÃºsica, map, mapas, mapping, maps, market, marketing, mashup, math, mathematics, maths, mckay/Sheppard, me, media, medical, medicine, memory, men, menu, messaging, metadata, metal, mexico, Michael, microformats, Microsoft, midi, military, mind, mindmap, misc, mit, mix, mobile, model, modeling, models, modern, module, money, monitor, monitoring, motion, motiongraphics, motivation, mountain, movie, movies, Mozilla, mp3, multimedia, museum, music, Musica, musik, my, myspace, mysql N Naked, naruto, nasa, national, nature, navigation, Netherlands, network, networking, networks, new, newmedia, news, newspaper, newspapers, newyork, night, Nikon, Nintendo, nlp, no, nokia, nonprofit, notes, noticias, November, nptech, nude, nutrition, nyc O Ocean, October, of, office, oil, old, on, one, online, ontology, open, opened, openoffice, opensource, opera, opinion, optimization, oracle, orange, organic, organization, origami, os, osx, out, outdoors, outlook, owl P p2p, painting, palm, paper, papers, parenting, paris, park, parody, parser, parsing, party, password, pattern, patterns, paul, pc, pda, pdf, peace, people, performance, perl, personal, personality, pet, pets, philosophy, phone, photo, photographer, photography, photos, photoshop, php, physics, piano, picture, pictures, pink, planning, plants, play, player, plugin, plugins, pocketpc, podcast, podcasting, podcasts, poetry, poker, Poland, police, policy, polish, politics, politik, pop, porn, portable, portal, portfolio, portrait, Portugal, post, power, powerpoint, pr, presentation, presentations, print, printing, privacy, process´, processing, product, production, productivity, products, programming, project, projectmanagement, projects, property, prototype, proxy, psychology, public, publishing, punk, puppy, pussy, puzzle, python Q quotes R r, race, racing, radio, rails, random, rap, rdf, read, reading, real, realestate, recherché, recipe, recipes, recording, records, recovery, recursos, red, reference, reflection, regex, religion, remix, remote, repair, research, resource, resources, rest, restaurant, restaurants, retro, review, reviews, rights, river, road, robot, robotics, robots, rock, roma, rome, rpg, rps, rss, ruby, rubyonrails, running , ui, uk, uml, uni, university, unix, unread, up, upload, urban, us, usa, usability, usb, useful, usenet, utilities, utility, ux V Vacation, validation, Vancouver, vc, vector, vegetarian, viajes, video, videogames, videos, vim, vintage, vinyl, viral, virtual, virtualization, vista, visual, visualization, vmware, voip, vs W w3c, wall, wallpaper, wallpapers, war, Washington, water, weather, Web, Web2.0 
